Abstract: A 32-year-old female American flamingo (Phoenicopterus ruber) was presented with a squamous cell carcinoma of the middle digit of the right foot. No clinical, hematologic, or radiologic evidence of metastasis was present. Salvage amputation of the digit resulted in complete cure, whereas previous electrosurgery and radiation therapy were unsuccessful. Three years later, another squamous cell carcinoma was diagnosed in the middle digit of the left foot. The digit was also amputated. Seven months after the second amputation, the bird did not have any recurrence or signs of metastasis.
Clinical Report
A female American flamingo (Phoenicopterus ruber), weighing 1 kg, was presented to The Raptor Center of the University of Minnesota with a 5-cm diameter mass on the ventral aspect of the middle toe (digit III) of the right foot (Fig 1) . The surface of the mass was necrotic, dark colored, and highly vascularized. Manipulation of the mass readily resulted in bleeding. The mass was surgically removed, with the bird under isoflurane inhalation anesthesia (induction at 5% isoflurane and maintenance at 2.0-2.5% in 1 L O 2 ). The skin was sutured with 3-0 polyglactin (Vicryl, Ethicon, Sommerville, NJ, USA) and a penrose drain was applied to provide drainage (Fig 2a) . The leg was supported with a ''shoe'' formed from a malleable, heat-activated material (Veterinary Thermoplastic IMEX Veterinary Inc, Sommerville, NJ, USA) (Fig 2b) . On histologic examination, the mass was consistent with squamous cell carcinoma (SCC), based on the presence of thick, anastomosing cords of epithelial cells, with prominent irregular internal concentric cornification (Fig 3) . The neoplastic epithelial cells were moderately to highly anaplastic and had one, occasionally multiple, roundto-oval nuclei, with dispersed chromatin and multiple prominent nucleoli. The abundant cytoplasm was pale and basophilic, and prominent intercellular bridging was present. The mitotic index was considered high, at approximately 5 mitoses per high power field. The submitted mass was fragmented to an extent that surgical margins could not be evaluated.
Approximately 2-3 weeks later, a recurrence of the mass was observed. Cobalt radiation therapy was performed with opposing fields at 5 Gy per port. Each of the 3 fractions was administered to deliver 10 Gy minimum tumor dose, with about 10.2 Gy at each surface. Three treatments given on a 0-, 7-, 21-day schedule were administered with the intent of disease palliation and potential salvage of the involved toe. One month later, 2 additional 10-Gy treatments (opposed 5-Gy fields) were administered 1 week apart because the tumor had grown despite the initial 30-Gy, 3-fraction protocols. This second 2-fraction ''boost'' treatment failed to yield either a reduc-tion in size or a decrease in surface ulceration. The toe was amputated, by using the technique described by Bennett and Harrison, 1 1.5-cm distal to the joint between phalange I and II (Fig 4a) , with the greatest possible preservation of the web. The veterinary thermoplastic shoe was reapplied for supportive care. Baytril (10 mg/kg IM q24h; Enrofloxacin, Bayer Corporation, Shawnee Mission, KS, USA) was given for 7 days to prevent wound infection. Twenty-four hours after surgery, the amputation site appeared healthy, with minimal drainage. One week after the surgery, the bird started using the right foot. One month after surgery, the surgery site was healed, and the veterinary thermoplastic shoe removed. The flamingo was using the foot normally and was reintroduced to its mate and later to its flock.
Three years later, the flamingo appeared to be weak. On physical examination, the ventral aspect of the middle digit (digit III) of the contralateral left foot had a 3-cm-diameter mass with the same characteristics as the previous mass on the right foot (Fig 4b) . Examination of the right foot revealed equivocal signs of recurrence. The amputation site had an irregular, hard, verrucated, and slightly raised surface, but no evidence of tumor. The mass on the left foot was resected by electrocautery, and a biopsy sample of the previous surgery site was taken. After surgery, the bird was treated with butorphanol once (0.2 mg/kg IM; Torbugesic-SA, Fort Dodge Animal Health, Fort Dodge, IA, USA) and placed on a course of enrofloxacin for 7 days. One day after the procedure, the surgery site appeared dry, and no bleeding was noticed. The owner declined radiation therapy after the resection of the mass.
Based on results of histologic examination, the mass was diagnosed as SCC and had a similar histologic appearance as the first mass. Again, surgical margins could not be evaluated because of the fragmented state of the submitted specimen. The original resection site on the right foot was covered with well-differentiated squamous epithelium, with regular but exuberant cornification (orthokeratotic hyperkeratosis). No evidence of recurrence was found. Amputation of digit III of the left foot was initially avoided, because the ability of the bird to stand and maintain balance was at risk. However, because evidence of re- currence was observed, digit III was amputated 3 weeks after removal of the mass. Amputation of the middle toe was done in the same way as described for the right foot. A margin of approximately 1 cm was resected, but the web was preserved as much as possible. One week after surgery, the bird was able to stand (Fig 5) but still had difficulties in balancing while eating and drinking. Temporary elevation of the food and water containers was helpful until the bird could compensate for the bilateral amputation of both middle digits. One month after surgery, the bird was able to stand and walk without difficulty. Feeding and drinking behavior were also satisfactory.
Discussion
SSCs have been described in various anatomic regions and in various avian species, including white storks (Ciconia ciconia), 2 Montagu harriers (Circus pygargus), 3 hornbills (Buceros bicornis), 4, 5 domestic chickens, [6] [7] [8] and psittacine bird species, including cockatiels (Nymphicus hollandicus), 9 budgerigars (Melopsittacus undulatus), 10 Buffon macaws (Ara ambigua), 11 and salmon-crested cockatoos (Cacatua moluccensis).
12 Only Cardona et al 7 reported a case with bilateral feet and shank involvement, but the bird was euthanatized because of the severity of the lesions. In the other described cases, the skin on various body areas near the beak, uropygial gland, thigh, and neck were affected. The appearance of a SCC on the skin can vary from a proliferative mass to a wound-like ulcer.
To our knowledge, to date, SCC has not been reported in flamingos. This is also the first report of the growth of a second SCC in the same bird. The second SCC did not represent a recurrence, Figure 1 . The bird was able to stand on both feet without difficulty. The same digit on the right foot was amputated 3 years previously.
because it was on the contralateral foot. It also may not be interpreted as metastasis but rather as primary SCC in a different location.
The cause of SCCs in birds is unknown. Ultraviolet light, certain chemicals, chronic skin diseases, radiation, and other factors are known to increase the risk of SCC development in mammals, including humans. In cases of human SCC, mutations of tumor suppressor genes, most importantly p53, have been found. 13 Whether or not the p53 gene is involved in avian SCC is unclear. It is also uncertain which factors in the environment of the flamingo may have promoted the growth of the SCCs. The location of the masses on the plantar aspect of the feet may indicate that the floor of the exhibit played a role in the pathogenesis of the masses, possibly either because of unusual mechanical wear of the plantar skin or chemicals in the floor. According to management personnel, from late September to the end of May, the flamingo flock was kept indoors on a cemented floor with wood chip bedding. Later, the birds were released to the outside display courtyard until the end of September when the weather was cooler. None of the other flamingos developed foot problems. It may also be speculated that this particular flamingo had a predisposition for SCC. Although avian SCCs rarely metastasize, the potential to metastasize to distant organs, such as lungs, bone, spleen, and liver, which can be evaluated by radiographic technique, has been reported. 3, 11, 12 Therefore, radiography is an essential tool for evaluating the patient with cancer.
14 There was no sign of metastasis in the present case at either occurrence.
Based on the poor response to radiation treatment on the first occurrence, amputation of the middle toe on the left foot became the first choice to treat the SCC in this flamingo. Different causes for the unsatisfactory outcome of the radiation therapy of the SCC of the right foot are possible. First, there may have been a failure to remove the regrown neoplastic tissue so that the penetration of the cobalt radiation was insufficient. It is advantageous if radical surgery is performed first to remove most of the lesion so that the extent of disease can be evaluated and drainage can be established before radiation therapy. 15 Second, the dosage of radiation may have been insufficient because of the limited information on the therapeutic use of cobalt 60 in avian medicine. 11 Postremoval or postamputation radiation of the left-sided SCC, recommended in human medicine, 15, 16 was not performed because of the owner's request. Middle toe amputation was initially not the primary treatment choice because of the nature of flamingo anatomy. The very long thin legs and neck of flamingoes make balance very important in their daily activity and behavior in the flock. However, this bird quickly became accustomed to the amputated toes.
In the first days after both amputations, it lifted the affected leg more frequently than usual probably because of pain; some imbalance was noted while it was eating or drinking. Temporary assistance and elevation of feeding and water containers resulted in rapid improvement. Five months after the second amputation, the flamingo was put outside into the display courtyard in the zoo environment and showed normal behavior with her flock.
